ハヤシコウゾウ ノ カゾエアゲ ト ブンシ カテイ スウリ モデル ノ クミアワセロンテキ コウゾウ by 渋谷, 政昭
Title林構造の数え上げと分枝過程(数理モデルの組合せ論的構造)
Author(s)渋谷, 政昭










( 4) ( 5)
( 1 2)
( 3)
(1993) $\backslash$ Sibuya, et al. (1993)
\S 1
$s$ $\eta$





$\eta(s+1, s)=C_{\iota}$ $\eta$ 1 ( 1)
\sim







$\frac{3}{g}\ovalbox{\tt\small REJECT}^{II}B$ $\eta(t+1, s)$ (1) 2




$\eta(t, s)$ , $s=t-r$,
$s$
$R^{\mathfrak{g}}\wedge 1$ $r+1=t+1-s$ $t+1$ 1
$k$ $(0\leq k\leq s)$ 1
$r+k=t-s+k$ , $t$
$\eta(t, s-k)$ $k=0,1,$ $\cdots,$ $s$
1




(4) $\zeta(t, s)=\{\begin{array}{l}(t-s)t^{\iota-1},0\leq s<t\emptyset \text{ }0,\{\{L\emptyset\#^{\underline{A}}\end{array}$
( 2)
\pm 1 2






$=(1+t)^{\iota}-s \sum_{k}(\begin{array}{ll}s -1k -1\end{array})t^{k-1}$
$=(1+t-s)(1+t)^{\iota-1}$
l(Taka\acute cs, 1990) $r$
1, 2, $\cdots,$ $r$ $t$
$\zeta(t, s)$ , $s=t-r$,
$s$
$R^{Q}1$ $0,1,2,$ $\cdots,$ $r$ $r$ $t+1$ $0$











Watson and Galton (1874)
$X_{1},$ $X_{2},$ $\cdots$ (probability function, pf)
$g(k)=P(X_{1}=k)$ , $k=0,1,2,$ $\cdots$ ,





$E($ $)=\infty$ $E(X_{1})<1$ $P(Y_{f}=\infty)=0$ , $E($ $)<\infty$ Feller
(1968), Harris(1963)
$pf$
$h^{(r)}(k)=P(Y_{f}=k)$ , $k=0,1,2,$ $\cdots$ ,
$h^{(r)}(0)=\cdots=h^{(r)}(r-1)=0$ $X_{1},$ $Y_{f}$
(6) $h^{(r)}(r+y)= \frac{r}{r+y}g(r+y)(y)$ , $y=0,1,2,$ $\cdots$ ,
$g^{*j}(y)$ $g(y)$ $j$ $g$
$g(y)=e^{-\theta}\theta^{y}/y!$ .
(7)







$h^{(r)}(r+y)= \frac{r}{r+y}(\begin{array}{ll}m(r+y)+y -1y \end{array})p^{m(r+y)}q^{y}$ ,
( $y=0,1,2,$ $\cdots$ , $0<p<1$ , $q=1-p$ )










$j=t+1-i$ 6 $($ $1$ $\mathfrak{p}.q)_{0}$ $j$
1 $j$
$x$; 1, 2, $\cdots,$ $j$
( ) $>$ ( )
$x_{1}+\cdots+x_{j}<j$, $j=1,2,$ $\cdots,t-1$ ,
$\mathcal{K}(t, s)=\{(x_{1}, \cdots, x);x;\geq 0,$ $i=1,$ $\cdots,$ $t$ ;
(10) $x_{1}+\cdots+x_{j}<j$ ) $j=1,$ ) $t-1$ ;
$x_{1}+\cdots+x_{t}=s\}$ , $0\leq s\leq t$ ,
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$(x_{1)}\cdots, x_{t})\in \mathcal{K}(t, s)$ $r$ $t$
(11) $h^{(r)}(t)= \sum_{(x_{1},\cdots,x_{t})\epsilon\kappa(t,.)}(\prod_{i=1}^{t}g(x_{i}))$
(6) \langle (11) $h^{(r)}(t)$ (6)
(7)$-(9)$ (11)
\downarrow
(11) $\sum_{(x_{1},\cdots,x_{t})\in \mathcal{K}(t,\iota)}(x_{l} 8 \cdots x_{t})=(t-s)^{\iota-1}= \zeta(t, s)$.
(12) $\sum_{(x_{1\prime}\cdots,x_{t})\in \mathcal{K}(t,s)}\{\prod_{1=1}^{t}(\begin{array}{l}mx_{i}\end{array})\}=\frac{t-s}{t}(\begin{array}{l}mts\end{array})$ .
(13) $\sum_{(x_{1,\prime}x_{l})\in \mathcal{K}(t,\iota)}\{\prod_{j=1}^{t}(\begin{array}{ll}m+x_{j} -1x_{j} \end{array}) \}=\frac{t-s}{t}(\begin{array}{lll}mt+ s -1s \end{array})$ .
$m=1$












$t$ $(x_{1}, \cdots, x_{t})$ $(x_{1}, \cdots, x_{t})$
((14) ) $\eta(t, s)$






$\alpha_{1}$ $B$ $\alpha_{2}$ . . .
$x=\alpha_{1}+\cdots+\alpha_{k}$ ( 2 $x=7,$ $A$ $\alpha_{1}=2,$ $B$ $\alpha_{2}=2,$ $C$
$\alpha_{3}=3)$
$A,$ $B,$ $\cdots$
(15) $(\begin{array}{lll}x \alpha_{l},\alpha_{2} \cdots \alpha_{k}\end{array})=\frac{x!}{\prod_{j=1}^{k}\alpha_{j}!}$




$\nu_{2}$ . . .
$\nu=1$ ( 2 \mbox{\boldmath $\nu$}1 $=4,$ $\nu_{2}=$
3, $\nu_{3}=1)_{0}$
95
(16) $(\begin{array}{lll}x \alpha_{l},\alpha_{2},\cdot\cdot \cdot ’ \alpha_{k}\end{array})\prod_{1=1}^{k}\nu_{j}^{\alpha;}=x!\prod_{=j1}^{k}\frac{\nu_{j}^{\alpha:}}{\alpha_{j}!}$
( 2 $\frac{7}{2!23!}!\cdot 4^{2}3^{2}1^{3}$ )
$A$ $\wedge$ $D$ $\wedge$
$C$ $\varphi$




$x$ ; \alpha jl., , . $\text{ ^{}\alpha_{ik;}}$
$\nu_{i1}$ ; $-\cdot,’\nu_{ik;}$
$\ovalbox{\tt\small REJECT}=(\alpha_{il} x_{j} \alpha_{|k;}) \prod_{j=1}^{k:}\nu_{jj}^{\alpha_{ij}}$
( 2 $A\downarrow iD,$ $D$ $x_{1}=2,$ $k_{1}=1,$ $\alpha_{11}=2,$ $\nu_{11}=z,$ $\nu_{1}=(_{2}^{2})2^{2}=4$ ;
$B$ $C,$ $\phi,$ $\phi$ $x_{2}=3,$ $k_{2}=2,$ $\alpha_{21}=1,$ $\nu_{21}=1,$ $\alpha_{22}=2,$ $\nu_{22}=1,$ $\nu_{2}=(_{2^{3}1})1^{2}1=3$ ,
) (16) $\prod\nu_{i}^{\alpha;}$ $\nu_{i}$ ( )
’ $\nu_{i)}\nu_{j};,$ $\cdots$ $\nu_{lj}=1,$ $j=1,2,$ $\cdots$
( 2 $A$ $DD,$ $D$ $C\phi$ )
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$j=1,2,$ $\cdots,$ $t$ $i$ (16)
1








$(x_{l} s \cdots x_{t})=\frac{s!}{\prod_{j=1}^{t}x_{j}!}$
$0$
$\prod_{j=1}^{t}(\alpha_{j1} x_{k} \cdots \alpha_{jk_{j}})$
3 : 1
$e^{-t\lambda} \lambda^{t}\frac{1}{\prod_{j=1}^{t}x_{j}!}\prod_{j=1}^{t}(_{\alpha_{j1)}\cdots,\alpha_{jk_{j}}}x_{j}.)/\frac{s!}{\prod_{j=1}^{t}x_{j}!}\prod_{j=1}^{t}.(\alpha_{j1} x_{j} \cdots \alpha_{jk_{j}})=e^{-t\lambda} \lambda^{s}/s!$
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( 1) $\eta(t, \ell)$
$\eta(t, s)=\frac{(t-s)(t+1)(t+2)\cdots(t+s-1)}{s!}=(\begin{array}{lll}t+ s -1 s \end{array})- (\begin{array}{ll}t+ -s1s -1\end{array})$
$= \frac{r}{s+r}(\begin{array}{ll}2s+r -1s \end{array})= \frac{r}{2s+r}(\begin{array}{l}2s+rs\end{array})$ ,
$r=t-s,$ $1\leq r\leq t$
$\eta(t, 0)-\cdot-- 1$ , $t=1,2,$ $\cdots$ ,
$\eta(t, 1)=t-1$ , $t=1,2,$ $\cdots$ ,
$\eta(t, 2)=\frac{(t-2)(t+1)}{2}$, $t=2,3,$ $\cdots$ ,
$\eta(s+1, s-1)=\eta(s+1, s)=\frac{1}{s+1}(\begin{array}{l}2ss\end{array})$ , $s=1,2,$
$i$
( 2)
$\zeta(t, s)=r(r+s)^{\iota-1}$ , $r=t-s,$ $1\leq r\leq t$ ,
$\zeta$
$\zeta(t, O)=1$ , $t=1,2,$ $\cdots$ ,
$\zeta(t, 1)=t-1$ , $t=1,2,$ $\cdots$ ,
$\zeta(t, 2)=(t-2)t$ , $t=2,3,$ $\cdots$ ,
$\zeta(t, t-1)=t^{t-2}$ , $t=1,2,$ $\cdots$ ,
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